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I. SUMMARY AND REVIEW
This study for Task 3 of the Low Cost Solar Array Project (LSA)
funded by DOE is directed toward the development of a cost effective
encapsulation system for photovoltaic modules using silicone based
materials. It is a cooperative effort between Dow Corning Corporation,
the major supplier of silicones and silicone intermediates, and Spectro-
lab, a leading photovoltaic manufacturer.
This contract effort is divided into four sequential tasks:
1) A Technology Review
2) Generation of Concepts for Screening and Processing Silicone
Encapsulation Systems
3) Assessment of Encapsulation Concepts
4) Evaluation of Encapsulation Concepts
The Technology Review was completed and reported in the First Quarterly
Report. The Generation of Concepts for Screening and Processing Silicone
Encapsulation Systems was completed during the Second Quarter. The Assess-
ment of Encapsulation Concepts was started during the Third Quarter and
data on outdoor dirt pickup and temperature/humidity cycling obtained.
Progress during the Fourth Quarter.
1) Samples of silicone materials with known weatherability have
been exposed in our Atlas Filtered Weather-Ometerm for over
4,000 hours. During the current quarter all of the silicone
resins with appreciable phenyl content showed more degradation
than samples exposed to natural weathering. All of the elasto-
meric silicone materials with small or negligible phenyl content
did not visibly change.
2) After 75 temperature cycles from room temperature to 40.5°C at
90-95% relative humidity there was no appreciable change in the
short circuit (Isc) cell currents using any of the encapsulation
concepts.
3) After 50 days of exposure to 90-95% relative humidity at 70°C
these samples had I sc values within experimental error of the
initial values.
4) The outdoor exposure samples have attained a total of 200 days
exposure and the Isc values show relatively wide variations.
One outdoor exposure sample failed due to loss of adhesion of
the DOW CORNINGa X1-2561 encapsulant to the glass substrate. This
caused an open circuit due to lifting of the metallization from
the cell surface. The only distinct downward trend in Isc which
could be attributed to dirt pickup was with the cell coated with
DOW CORNING a 3140 RTV, a soft elastomer.
5) The temperature cycling test from -40% to +90% caused visible
cracks in all of the encapsulation concepts except for DOW CORNING e
Q1-2577 as a protective coating both on Super Dorlux a and under
Solatex© glass, DOW CORNING© 808 Resin under Solatex Glass and the
blend of DOW CORNING © 840 Resin with B48N acrylic resin on Super
Dorlux®.	 Cracks in al' the other encapsulation systems were
visible after five cycles and became progressively worse through
15 cycles. This stress test is still in progress.
6) UV absorbin g; agents were incorporated in DOW CORNING© Q1-2577,
DOW CORNINGe 840/B48N and DOW CORNING® 808 Resin. The UV
screening agents used were Permasorbe MA,Uvinul N-539 and Uvinul
N-35. All of these show promise for use as screens to protect
photosensitive polymers.
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II. INTRODUCTION
The goal of this program is the development of a cost effective
encapsulation system for photovoltaic modules based on silicone materials
consistent with the LSA cost goals of $0.50/watt by 1985. It is a co-
operative effort between Dow Corning Corporation and Spectrolab.
The effort is divided into four sequential tasks:
1) Technology Review
2) Generation of Concepts for Screening and Processing
Encapsulation Systems
3) Assessment of Encapsulation Concepts
4) Evaluation of Encapsulation Concepts
The Technology Review was completed and reported in the First Quarterly
Report. Several promising encapsulation systems and silicone based
materials appropriate for use in these systems were identified and reported
in the First Quarterly Report. Concepts for Screening and Processing
Silicone Encapsulation Systems were generated during the Second Quarter and
reported in the Second Quarterly Report. The Assessment of the ability of
these encapsulation systems to protect solar cells was started in the Third
Quarter and is still continuing.
The stress test which caused the largest number of failures,judged by
the formation of large cracks in the protective coating, wasthe thermal
cycling test from -40°C to +90°C. This test was started in the Fourth
Quarter and after only five cycles all of the modules except four had
visible cracks. The only protective coating which remained unchanged on
both Super Dorluxm and Solatex© Glass through 15 thermal cycles was DOW
CORNING® Q1-2577 Conformal Coating.
R
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All of the encapsulation systems have provided good results throughout
all of the other stress tests with a couple of exceptions. The solventless
experimental resin, DOW CORNING® X1-2561, delaminated from the glass sub-
strate during the outdoors exposure studies designed to monitor dirt pickup
which caused an open circuit in the cells and DOW CORNING® 3140 RTV elastomer
shows a downward trend in Isc due to dirt pickup in these outdoor exposure
studies.
The other stresses, humidity/temperature cycling and high humidity-
high temperature exposure provided no statistical difference between the
encapsulation systems.
The feasibility of incorporating UV absorbing agents in soil resistant
silicone based protective coatings was demonstrated during the Fourth Quarter.
The coatings containing UV absorbers were shown to protect photosensitive
pottants.
The Weather-Ometere stressing of silicones with known weatherability
performance reached 4,500 hours of exposure time during the current quarter.
Around 4,000 hours all of the resins containing appreciable amounts of phenyl-
silicon groups were noticeably affected. The check ratings of these samples
were higher than those reported after 13 years exposure in Texas or 10 years
exposure in Midland. The elastomeric silicone materials, in contrast, did
not visibly change after 4,000 hours exposure although both the tensile
strength and modulus of one elastomer which was measured, 132U, were slightly
lower. These elastomeric materials have small or negligible phenyl contents.
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0III. RESULTS AND DISCUSSION
A. Weather-Ometere Stressing vs. Weathering History of Silicone and
Silicone Modified Materials.
Table I shows a comparison of the results obtained from samples
exposed outdoors and those obtained using an Atlas Filtered Carbon Arc
Weather-Ometere.
None of the samples showed any appreciable effects from exposure
in the Weather-Ometere until 3,000 hours. Between 3,000 and 4,200 hours
all of the resin coatings showed more signs of degradation than any of
the coatings weathered naturally for up to 13 years.
Usually the resins degraded due to poor check ratings and loss of
600 gloss. Both of these signs of degradation are indicative of higher
surface crosslinking and/or oxidation attributed to UV radiation.
Between 2,500 and 3,000 hours large cracks became visible in DOW
CORNING 901 Resin exposed as a clear coating on an aluminum panel. A
sample of DC® 901 exposed as a clear coating on woven glass cloth
remained clear and transparent at 3,000 hours exposure. By 3,500 hours
exposure, however, this sample became embrittled, lost adhesion to the
glass substrate and most of the resin was missing from the glass cloth.
DOW CORNINGe 808 Resin had no checking at 2,500 hours but between
2,500 hours and 3,000 hours dropped to a check rating of 1 meaning that
the entire surface was covered with microcracks. The checking did not
become any worse up to 4,200 hours exposure, however between 3,500 and
4,000 hours the 60° gloss dropped from 90% of the original value to 68%
indicating additional loss in surface properties.
k
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DO& 996 resin had the most significant change in checking between 2,500
and 3,000 hours of any of the resins tested. The check rating dropped from
10 (no checking) to 4 (visinle cracks on 50% of the surface area). This resin
also dropped from no loss of 60 0
 gloss at 2,500 hours to 15% loss at 3,000
hours. By comparison after 10 years exposure in Midland, Michigan this resin
had no loss of gloss and a check rating of 6.
The blend of 10% DOa 840 - 90% B66 acrylic resin from Rohm and Haas also
showed degradation due to checking between 2,500 and 3,000 hours when the
check rating dropped from 10 to 6. No additional degradation was observed in
either gloss or checking at 3,500 hours exposure. However, at 3,500 hors 80%
of the film was lost from the aluminum panel due to poor adhesion. In contrast,
a sample of this resin blend had no loss of gloss or checking after 13 years
exposure i-n Texas.
None of the elastomers show any visual signs of degradation after 4,200
hours exposure in the Weather-Ometer e . Samples of 132U silicone elastomer,
which were removed from the Weather-Ometerm at periodic intervals through
3,786 hours, were measured for tensile strength and elongation. There is
a relatively large variation in the values obtained but the data indicates
a 10 to 20% loss in both tensile strength and elongation.
Test specimens of all the elastomers exposed in the Weather-Ometero will
be removed after 4,500 hours exposure and tested. These include specimens
exposed in both stressed and unstressed states. This experiment will dis-
close whether minor changes in formulation have a significant effect on the
UV stability of silicone elastomers on whether the chemical structure ele-
ment, polydimethylsiloxane, provides inherent UV stability.
B. Humidity/Temperature Cycling Exposure
Encapsulation concepts using DOW CORNING D Q1-2577, X1-2561, DC® 840/
B48N, DC© 808 and RTV 3140 on Super Dorlux and under Solatex Glass were
cycled from room temperature to 40.5°C at 95% relative humidity. All of
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these systems were cycled 75 times and there were no statistical
decreases in short circuit current, see Tables II and III. Random
fluctuations were observed which initially were thought to be due to
time of sampling, that is, samples removed at 40.5°C vs. samples
	 14
 at room temperature. However, further analysis revealed that
the fluctuations were probably an artifact of the measurement technique.
The short circuit current measurements are obtained by illuminating the
cells for a short period of time (approximately 2-3 seconds) using a 400
watt ELH lamp. It was observed that the cell position during this
measurement was extremely critical. Differences in cell placement of
1-2 mm gave up to 10% variation in Isc values. This sensitivity to
cell position was overcome by moving the target area back from the light
source several inches. An illumination of 1,000 watts/m 2
 can still be
obtained measured with a standard reference cell from NASA Lewis Research
Center and the target area is twice as large as the cell's area. The
cell position can be varied up to 1 cm with less than a 10% change in
Isc,
C. Exposure at High Humidity/High Temperature
The specimens using various encapsulation concepts from above after
the temperature cycling stress from room temperature] to 40.5`C at 95%
relative humidity were stressed in the same humidity chamber at a constant
95% relative humidity and 70°C for 50 days. After this period, there was
again no significant change in Isc, see Tables IV and V. These results
show that there were no chemical species present around the encapsulated
cells which would cause serious corrosion in humid environments and that
the encapsulants themselves were also free of chemical contaminants which
would cause rapid corrosion in a wet environment.
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In order for these high humidity stresses to differentiate between
potential encapsulation concepts much higher stresses need to 6e used.
All of the encapsulation concepts appear to provide adequate protection
from moisture induced failure mechanisms. The additional criteria of UV
stability and relief of stress during thermal cycling are more likely to
discriminate between the encapsulation concepts.
D. Outdoor Exposure Stress
Samples of silicone based materials were used to coat photovoltaic
cells on a glass substrate. These cells were monitored for change in
Isc. These changes should correspond to losses due to dirt pickup.
see Table VI. The precipitation was also monitored and these data are
shown in Figures 1-6.
In many cases an increase in Isc follows a period of precipitation.
The measurement technique caused some variation because the beam of
light used to measure Isc was only slightly larger than the cells.
These variations were eliminated by increasing the size of the illuminated
area and the measurement site as mentioned earlier.
Small differences, approximately 10%, in Isc caused by dirt pickup
can be seen using this improved measurement technique and effects of
natural washing due to precipitation should correlate even better than
previously.
One encapsulation material shows a definite trend downward in Isc
with length of outdoor exposure. This silicone elastomer, DOW GORNINGO
3140 RTV is a softer elastomer than SYLGARD ® 184 and was included to see
if dirt pickup could be related to modulus of encapsulant. This lower
modulus elastomer does appear to decrease in power with increased outdoor
exposure. Unfortunately the range of moduli represented by the
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relatively soft SYLGARDS 184 and relatively hard DC® 808 resin do not
correlate with dirt pickup due to outdoor exposure. After 216 days
outdoor exposure, the Isc of the cell encapsulated with SYLGARD® 184
is 441 milliamps and that of DCs 808 resin is 426 milliamps, see Table
VI.
The cell encapsulated with DC® X1-2561, an experimental solventless
resin, failed due to an open circuit caused by the No Xi-2561 lifting
the metallization from the cell surface. The coating of DCe X1-2561 used
in this outdoor exposure test was quite thick, approximately 40 mils, and
its adhesion to the glass substrate was poor.
This experimental resin functions well as the cell adhesive for
bonding cells to a glass superstrate. The glue line is clear, vo': :-•:e,
and survives both humidity and Ciermal cycling stress.
E. Thermal Cycling Stress
Modules prepared by encapsulating 'wo-cell strings on Super Dorluxe
and under Solatex® Glass with the silicone based encapsulation materials
were thermally cycled from -40°C to 90°C using the schedule recommended
by the Jet Prnpulsion Laboratory. The materials used on both Super
Dorluxe and Solatexe glass were: DOW CORNING Q1-2577, 808 r^.sin, 840/
B48N and X1-2561.
After 4 thermal cycles there were only four modules which did not
have visible cracks. These were modules using DOW CORNING 01-2577
on both Super Dorluxe and Solatexe Glass and the module using No 840/
B48N on Super Dorluxe and the module using DCe 808 resin on Solatexe
Glass.
3
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During the eighth thermal cycle, a valve froze on our thermal cycling
unit and the temperature reached -120 0C. During this cycle all of the
cracks on all of the modules which had cracks in the encapsulant became
decidedly larger although the 4 modules without cracks remained free of
defects.
After 15 thermal cycles the protective coatings on these 4 modules
still remained intact.
Tne protective coating used in these encapsulation concepts has been
referred to in this report as the encapsulation material consistent with
the nomenclature normally used by the photovoltaic industry. It should
be noted that in most cases the protective coatings have been applied as
very thirl conformal coatings. This is a more cost effective way of
utilizing the silicone based materials and may provide the additional
benefit of reducing the biaxial stress which increases with increased
coating thickness. The coating of DC® 840/B48N used on the Super Dorluxe
module which was thermally cycled was very thin and could explain why it
survived.
The effect of coating thickness on resistance to cracking during
thermal cycling will bp
 assessed further next quarter.
F. UV Screening Agents
Three ultraviolet absorbing agents were incorporated into DOW CORNINC,m
Q1-2577, DC© 840/848N, and DC® 808 resin. These three candidate cover
materials were used to assess the compatibility of UV absorbing compounds
with their respective cure systems and to determine if the cured films
blocked out short wavelength light and were transparent above 400
nanometers.
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The three commercial UV absorbing compounds evaluated were Permasorbe
MA, Uvinul N-539, and Uvinul N-35. One percent, based on solids, of
these UV screening agents were incorporated into the silicone based cover
materials. All combinations were completely compatible cyrept the Perma-
sorbe MA in DOW CORNING® Q1-2577. The DCe Q1-2577 containing Permasorbe
MA cured more slowly than usual and the resulting film was slightly hazy.
The transmittances of the cured films with and without UV absorbing
agents were measured and normalized to 1 mil thicknesses. These results
are shown in Figures 7-12.
All of the films containing UV absorbing agents have less transmit-
tance between 290 and 400 nanometers and almost the same transmittance
above 400 nanometers as the control films.
The DCe 808 films containing Uvinul N-35 and N-539 are not much
different than the control. These films of DCe 808 were cured at lU0°C
for two hours which probably caused the relatively low molecular weight
UV absorbing compounds to vaporize.
All of the other films were air dried. Samples of DCM 808 will be
cured at room temperature to see.if there is a change in the absorbances
due to these Uvinul absorbing agents.
All of the films containing UV absorbing agents protected cellulose
acetate from UV radiation.
This was determined by coating cellulose acetate with thin films of
the resin containing UV absorbing agents and exposing these samples in
a filtered Weather-Ometere. After 100 hours exposure, the area of
cellulose acetate not protected by these films started to craze and
check and the coated areas remained visibly unchanged.
IV. PLANS FOR NEXT QUARTER
1) The temperature cycling stress of encapsulation concepts will continue
next quarter. This stress induces the largest number of failures and
appears to be the most demanding stress for this type of encapsulation
.:oncept.
2) A significant portion of the effort next quarter will be directed
towards the formulation of a silicone-acrylic or silicone-organic blend
or copolymer which provides protection to the photovoltaic cells and
which also passes the thermal cycling test. The purpose is to develop
a protective coating which is inherently weatherable and lower in cost
than DOW CORNING Q1-2577 Conformal Coating.
3) Silicone-based covers containing UV absorbing agents will continue to
be exposed in our filtered Atlas Weather-Ometerm during the next quarter.
Both the changes in the cover material and the ability of these cover
materials to provide protection to photo-oxidately unstable polymers
will be determined.
4) No further humidity stress testing is planned in the next quarter.
5) The outdoor exposure studies will be continued and with our improved
measurement techniques we expect to see small changes due to dirt pickup
and natural cleaning due to precipitation.
Duplicate samples of the encapsulated cells used to monitor dirt pickup
are washed before measuring the Isc. These samples assess the ability
to recover any lose due to dirt pickup. This study will also continue
through next quarter.
^ 1
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